. Exposures to inorganic arsenic from medicinal (Sommers and McManus, 1953; Frost, 1967) , environmental (Neubauor, 1947; Tseng et al.. 1968; Yeh et al., 1968; Yeh, 1973; Cebnran et al., 1983) and occupational (Roth, 1957; Nelson et al., 1973; Brown and Rabinowitz, 1979) sources have been found to be associated with the development of skin cancer. Blackfoot disease (BFD) is a unique peripheral vascular disorder confined to an area on the south-west coast of Taiwan (Wu et al., 1961). The prevalence of BFD has been found to increase with the arsenic content of drinking water in a dose-response relation (Chen and Wu, 1962) . The prevalence of skin cancer, hyperkeratosis and hyperpigmentation in the BFD endemic area was as high as 10.6, 71.0 and 183.5 per 1000 respectively (Tseng et al., 1968) . A dose-response relation was also observed between the occurrence of skin cancer and the arsenic concentration in drinking water (Tseng et al., 1968; Tseng, 1977; Chen et al., 1985 Chen et al., , 1988 Wu et al., 1989; Chen et al., 1992) . Furthermore, a significant ecological correlation beween the arsenic level in well water and ageadjusted mortality from skin cancer in 314 townships all over Taiwan island was reported in a recent study (Chen and Wang, 1990) . All these findings were obtained in ecological correlation studies on the association between arsenic exposure and skin cancer prevalence studies at the village level. They might be subject to the bias of ecological fallacy, i.e. the association observed at the village level may not hold at the individual level.
Arsenic is a ubiquitous element present in vanrous compounds throughout the earth's crust. The use of arsenical compounds has increased greatly since the eighteenth century. They are used in pigments and dyes, in preservatives of animal hides, and in the manufacture of glass, agnrcultural pesticides and various pharmaceutical substances. Inorganic arsenic has been documented as a human carcinogen of skin and lung (World Health Organization, 1980; IARC, 1987) . Exposures to inorganic arsenic from medicinal (Sommers and McManus, 1953; Frost, 1967) , environmental (Neubauor, 1947; Tseng et al.. 1968; Yeh et al., 1968; Yeh, 1973; Cebnran et al., 1983) and occupational (Roth, 1957; Nelson et al., 1973; Brown and Rabinowitz, 1979) sources have been found to be associated with the development of skin cancer. Blackfoot disease (BFD) is a unique peripheral vascular disorder confined to an area on the south-west coast of Taiwan (Wu et al., 1961) . The prevalence of BFD has been found to increase with the arsenic content of drinking water in a dose-response relation (Chen and Wu, 1962) . The prevalence of skin cancer, hyperkeratosis and hyperpigmentation in the BFD endemic area was as high as 10.6, 71.0 and 183.5 per 1000 respectively (Tseng et al., 1968) . A dose-response relation was also observed between the occurrence of skin cancer and the arsenic concentration in drinking water (Tseng et al., 1968; Tseng, 1977; Chen et al., 1985 Chen et al., , 1988 Wu et al., 1989; Chen et al., 1992) . Furthermore, a significant ecological correlation beween the arsenic level in well water and ageadjusted mortality from skin cancer in 314 townships all over Taiwan island was reported in a recent study (Chen and Wang, 1990) . All these findings were obtained in ecological correlation studies on the association between arsenic exposure and skin cancer prevalence studies at the village level. They might be subject to the bias of ecological fallacy, i.e. the association observed at the village level may not hold at the individual level.
Artesian wells have been used in the BFD endemic area since the decade 1900-10. In the 1960s a tap water supply Correspondence: C-J Chen Received 31 January 1994; revised 26 July 1994: accepted 16 August 1994 system was implemented in the endemic area, but the coverage was not high until the 1970s. This study was camred out at the individual level to assess the prevalence of skin cancer among residents in the BFD-endemic area who had not drunk high-arsenic artesian well water for more than 15 years.
Despite a large number of residents having consumed higharsenic artesian well water, only a small fraction were affected with skin cancer (Tseng et al., 1968) . Furthermore, residents with the same exposure to high-arsenic artesian well water were of different ages at the onset of skin cancer. Such discrepancies in individual susceptibility suggest the existence of some other co-factors in the induction of arsenic-related skin cancer. Multiple risk factors other than chronic arsenic exposure were also explored in this study.
Material and methods
Stud} area Three villages, Homei, Fuhsin and Hsinming of Putai Township on the south-western coast of Taiwan island, were selected as the study area. These three villages include approximately 5% of the total population of the BFD endemic area. BFD was hyperendemic in this area with a prevalence as high as 13.6% in Homei, 9.6% in Fuhsin and 10.3% in Hsinming (Wu et al., 1961) . Residents in the area had used water from artesian wells for more than 50 years. The median arsenic concentration of artesian well water was reported to range from 0.70 p.p.m. to 0.93 p.p.m. in the study area (Kuo, 1964) . In the 1960s, provincial and local governments started to implement a water supply system in the area, but its coverage remained low in the early 1970s. Although artesian well water is no longer used as drinking water, it is still used for pisciculture and agriculture. Fasting blood samples were collected from study subjects for examinations of hepatitis B surface antigen (HBsAg) and serum levels of alanine transaminase (ALT). HBsAg was determined by radioimmunoassay using commercial kits (Abbott Laboratories, North Chicago, IL, USA). ALT was tested by serum autoanalyser using commercial reagents. Standard control solutions containing both high and low levels of ALT were used to ensure the inter-batch reliability.
Diagnosis ofskin cancer
Skin lesions including hyperpigmentation, hyperkeratosis and cancers were clinically diagnosed by expernced dermatologists from Kaohsiung Medical College. All subjects underwent a full body examination, but only severe lesions were biopsied. All clinically diaosed skin cancers were included in the analysis. It was found that 90% of dinically diagnosed cases of Bowen's disease (intraepidermal carcinoma) and 91% of clinically diagnosed basal cell and squamous cell carcinomas were confirmed by biopsy pathology in the Department of Dermatology of Kaohsiung Medical College. Most patients affected with skin cacers had no regular treatment for the disease, and the observed skin cancers may represent lesions which have developed in recent years .
Data analysis There were four indicators of arsenic exposure: the duration of living in the BFD endemic area, the duration of consuming artesian well water, the average arsenic content in drinking water and the cumulative arsenic exposure index. In the univariate analysis of associations between skin cancer prevalen and various risk factors, age-and sex-adjusted odds ratios with their 95% confidence intervals were calculated by logistic regression analysis with exact age and sex in the model. The statistical sign of the associations was examined by Mantel-Haenszel chi-square tests. Multiple logistic gression analyses were fiurther used to estimate multivariate-adjusted odds ratios and their 95% confidence intervals for various risk factors. The statistical signiin of the multivariate-adjusted odds ratio was examined by the significance test for regression coefficient and signif test for trend. Table IV indicates the prevalence and age-and sexadjusted odds ratios of skin cancer by occupational exposure and lifestyle characteristics. No significant associations with prevalence of skin cancer were observed for the history of sunlight exposure at work, cigarette smoking and alcohol drinking. Those who had a history of working in salt fields had a higher prevalence of skin cancer than those who did not. There was a significant association between the duration of consuming dried sweet potato as staple food and the skin cancer prevalence. This showed an age-and sex-adjusted odds ratio of 8.14 and 11.48, respectively, for those who had consumed dried sweet potato as staple food for 10-19 and 20 or more years compared with those who had consumed dried sweet potato for only 9 years or less ( Table V) .
The skin cancer prevalence was significantly higher among (Tseng, 1977; Chen et al., 1985 Chen et al., 1988a Chen et al., , 1992 Wu et al., 1989; Cheng and Wang, 1990 (Jacobson-Kram and Montalbano, 1985) , to transform Syrian hmst embryo cells (Lee et al., 1985) and to induce gene amplification (Lee et al., 1988) . However, arsenic does not induce mutation in prokaryotic and eukaryotic cells in vitro (Jacobson-Kram and Montalbano, 1985) . Because arsenic has been reported to be neither an initiator nor a promoter in the two-stage model of animal carciogeness, it has been hypothesised to play a role in the progression phase of carcinogenicity (Lee et al., 1988) . Arsenic might induce human cancers by the induction of cell proliferation through its inhibition of thiol-dependent enzyme systems.
A positive association between sunlight exposure and skin cancer has been reported previously (Viyasa et al., 1990; Green and Battistutta, 1990) (Tam et al., 1979) . Methylation of arsenic is considerd to be a detoxication mechanism because DMA has a low acute toxicity (Vahter and Marafante, 1983) and is rapidly excreted in the urine (Vahter et al., 1984) . Although the complete mhanism of methylation of inorganic arsenc has not been elucidated, it sems clear that it takes place in the liver and is enzymaicaly mediated. Liver insufficiency (glutathione depletion) significantly modifies the ratio of the methylated metabolites excreted in une (Buchet et al., 1984) , so that liver disease may have an affect on the methylation of arsenite in humans (Buchet et al., 1984) or in rats (Buchet and Lauwerys, 1987 (Blackwell, 1961) . Dehydrated sweet potato and/or rice were the staple foods for people in Taiwan before 1960. Those who had a low socioeconomic status consumed much more dehydrated sweet potato than those with a high socioeconomic status. Our previous study has shown that the higher the consumption of dehydrated sweet potato, the lower the intake of other nutrients and the poorer the nutritional status (Chen et al., 1988b) . In this study, we found a dose-response relation between the prevalence of skin cancer and the duration of consumption of dried sweet potato as a staple food, which was used as an indicator of undernourishment. It has been reported that subjects with a poor nutritional status have a lower capacity for methylation and arsenic detoxication (Vahter and Marafante, 1987 ). An intervention study on arsenic methylation among people who are using high-arsenic drinking water is recommended for the further validation of these findings.
